In this paper, a novel emulsification liquid-liquid microextraction method based on deep eutectic solvents (DESs) for the preconcentration of lead from water samples and its determination by flame atomic absorption spectrometry is described. Purpurin was used as complexing ligand and the Pb(II)-purpurin complexes were extracted and preconcentrated from the aqueous phase using a choline chloride/2-chlorophenol (at a 1:2 molar ratio) based DES as a water-miscible extraction solvent and tetrahydrofuran as an emulsifier solvent. Some analytical parameters affecting the extraction yield were investigated and optimized. Using a 20 mL aqueous sample, the limit of detection and preconcentration factor of the method were 5.93 μg L À1 and 20, respectively. The accuracy of the method was assessed through the analysis of certified reference surface water (SPS-SW2 Batch 127) and spiked water samples. The certified and obtained values were statistically in good agreement at 95% confidence level. The recovery values of spiked water samples were between 102% and 105%.
INTRODUCTION
Lead is a highly toxic heavy metal which can cause health problems such as damage to kidney and liver, memory loss, reproductive disorder, cancer, nausea and convulsions (Mo et al. ; Zhang et al. ) . Lead contamination in soil and water can eventually impact human health through the food chain. Recently there has been an increased concern over the content of lead in natural and potable water (Mohammadi et al. ) . The World Health Organization (WHO) gives the permissible limit of lead in drinking waters as 10 μg L À1 (WHO ). Therefore, it is very important to develop accurate and sensitive methods for the determination of Pb in natural water samples.
Flame atomic absorption spectrometry (FAAS) is one of the most popular spectroscopic techniques for routine metal determinations, because of the relatively simple and inexpensive equipment required. However, direct determination of metals at trace levels by FAAS is restricted due to their very low concentrations and matrix effects (Tokalıoglu et al. ) . Therefore, a separation/preconcentration step is necessary before determination of trace elements. Several preconcentration methods such as solid phase extraction was used for phase separation.
Reagents and solutions
All the reagents used were analytical grade and water puri- 
Preparation of the DES
ChCl (4.17 g) and 2-chlorophenol (7.68 g) were added into a 50 mL polyethylene tube. After closing its lid, it was placed into a shaking water bath at 80 C for approximately 20 minutes until a homogeneous liquid was formed.
ELLME-DES procedure
Aliquots (10 or 20 mL) of the sample or standard solution containing Pb(II) ions were adjusted to pH 8.0 using ammonia buffer solution in a 50 mL polyethylene centrifuge tube. The ELLME-DES procedure described above was also applied to the blank and calibration standards.
Applications to real samples
The certified reference surface water (SPS-SW2 level 2
Batch 127) was analysed to verify the accuracy of the developed method. The proposed method was also applied to tap water, river water and seawater samples. Tap water, river water and seawater were collected from Balıkesir University, Küçük Bostancı (Balıkesir) and The Aegean Sea near the Edremit Coast, respectively. The river water and seawater samples were filtered through a cellulose membrane filter of 0.45 μm pore size, acidified to pH 2 with HNO 3
and stored in pre-cleaned polyethylene containers. The pH of the samples (20 mL) was adjusted to 8.0 and the analytical procedure given above was applied.
RESULTS AND DISCUSSION

Optimization of the experimental conditions
Several experimental conditions that affect the performance of the ELLME-DES method, such as sample pH, concentration of ligand and NaCl and volumes of DES and THF, were optimized to get the highest extraction efficiency.
10 mL of standard solution containing 5 μg of Pb(II) was employed in these optimization experiments.
The effect of pH on the extraction efficiency was inves- using the same ELLME-DES procedure. According to the results, salt addition has no significant effect on the recovery of Pb(II). Therefore, all the extraction experiments were carried out without adding salt.
Effect of the volume of sample solutions
In order to acquire a high preconcentration factor, the sample volume is a key factor. To investigate the influence of sample volume, 10 and 20 mL of sample solutions containing 5 μg of Pb(II) were used as sample size and the ELLME-DES procedure was performed using 150 μL of DES and 0.75 mL (for 10 mL of sample volume) or 1.5 mL (for 20 mL of sample volume) of THF. When 0.75 mL of THF was used for a 20 mL sample volume, the DES phase was not formed. The recoveries of the Pb(II) were found to be 102 ± 3% for 10 mL of sample solution and 101 ± 4% for 20 mL of sample solution. 
Effect of matrix ions
The interference effects of some common matrix ions in real samples were tested. In this experiment, 10 mL of solution containing 5 μg of Pb(II), as well as interfering ions at a concentration of 10,000 mg 
Analysis of certified sample
In order to assess the accuracy of the developed method, the method was applied to the determination of Pb in the a IL-DLLME, Ionic liquid dispersive liquid-liquid microextraction; CPE, Cloud point extraction; SPE, Solid phase extraction; NPU-DLLME, Nanoparticles ultrasound assisted dispersive liquidliquid microextraction; DLLME-SFO, Dispersive liquid-liquid microextraction based on the solidification of a floating organic drop; TC-IL-ME, Temperature controlled ionic liquid based microextraction.
CONCLUSIONS
In the present study, an ELLME-DES method was improved for the preconcentration of Pb(II) from natural waters prior to FAAS detection. The proposed method is simple, accurate, easy to use and economic. The method requires nearly 7 minutes of sample preparation time per sample.
However, eight samples can be centrifuged for analysis simultaneously. The developed method shows high tolerance to many potentially foreign ions. In addition, the analytical performance of the method is comparable with other methods reported in the literature. The method could be combined with other detection techniques, such as ETAAS, ICP-OES and ICP-MS in order to acquire a lower detection limit.
Had ETAAS been used for the detection of Pb, no dilution would be required and so the preconcentration factor could have been far higher.
